Purpose: To compare the effects of two interval exercises with different intensities on acute inflammatory response in lean and overweight-obese subjects. Methods: Ten lean (BMI < 24.9 kg/m 2 ) and 12 overweight-obese (BMI 25 to <34.9 kg/m 2 ) males performed two conditions in randomly assigned: (1) high intensity interval exercise (HIIE) 10 Â 60 s (85-90%P Max )/75 s (50%P Max ); (2) moderate intensity interval exercise (MIIE) 10 Â 60 s (70-75% P Max )/60 s (50%P Max ), with blood collections at pre, immediately and 30 min post each exercise bouts to evaluate total and differential leukocyte counts, serum creatine kinase (CK), lactate dehydrogenase (LDH) and systemic levels of IL-1ra, IL-6, IL-8, IL-10, IL-17a and CCL2. Results: In lean group, HIIE induced a significant increase in total leukocytes and monocyte, while MIIE session did not change the number of leukocytes. Overweight-obese group presented similar increase in leukocytes, monocytes and lymphocytes in both HIIE and MIIE sessions. At baseline, overweight-obese group showed high levels of CK, IL-8, IL-6 and CCL2 and lower concentrations of IL-10 compared to lean group. The MIIE did not alter the cytokine concentrations in both groups, independently of the time analysis. The HIIE induced significant decrease in IL-8 levels 30 min post session in both the groups, and a progressive elevation in IL-10 levels immediately and 30 min post in lean and overweight-obese. Regarding IL-6, overweight-obese subjects presented progressive increase either immediately and 30 min after HIIE, while lean individuals presented significant increase only 30 min after exercise. Conclusions: The acute inflammatory response to interval exercise is intensity-dependent. Although obesity influences the basal concentrations of several cytokines, only HIIE induced important alterations in IL-8 and IL-10 levels, which may have important implications in the control of chronic low-grade inflammation in obesity.
Introduction
Obesity and sedentary lifestyle leads to excessive accumulation of adipose tissue and are related to the development of cardiometabolic diseases. In fact, a chronic low-grade inflammation, characterized by 2-3-fold increases in systemic inflammatory cytokines, is a common event in obese with present great influence in many disease [1, 2] . Adipocyte hypertrophy trigger events such as tissue hypoxia and tissue necrosis that lead to infiltration of pro-inflammatory macrophages (M1 macrophages) and T helper 1 lymphocytes (Th1) to adipose tissue and others metabolicallyactive sites, such as skeletal muscle [2] [3] [4] . These immunological disturbance induce a deregulation in the systemic cytokine profile in obese individuals, with the augment in levels of systemic pro-inflammatory interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a), and an inhibition in anti-inflammatory and regulatory cytokines, including IL-10 and adiponectin [3, 5] .
Physical training is able to modulate the inflammatory alterations induced by obesity and immune functions through the production of anti-inflammatory mediators at each exercise session [6] , which are linked to the increase in expression of myokines, glycoproteins expressed by skeletal muscle tissue with metabolic and immunological properties, and changes in immune cells, i.e. reduction of the expression of toll-like receptors on cell surface of monocytes and increase frequency of regulatory T cells (Treg cells) [6, 7] . These transiently acute changes seem to be able to generate systemic elevation in anti-inflammatory cytokines independently of the modulation of pro-inflammatory cytokines [8, 9] .
Despite considerable evidence regarding the immunoregulatory effects of acute continuous exercise in trained, sedentary, and obese individuals [9] [10] [11] ; high intensity interval exercise (HIIE) has only recently received attention. HIIE may offer an efficient alternative to continuous-moderate exercise for the control of inflammatory response due to its intermittent nature of high and low intensity periods. Previous studies have demonstrated that the interval exercise increased the levels of anti-inflammatory cytokines in healthy and athletes individuals [12, 13] . Beside this, there are no reports on the impact of HIIE in immune response of overweight-obese individuals. On the other hand, besides the positive effects of moderate intensity interval exercise (MIIE) on endothelial function and fat oxidation in healthy individuals [14, 15] , their acute influence on cytokine remains unknown. Moreover, it was demonstrated that 12 weeks of high or moderate interval training caused similar effects on blood lipids and adiponectin levels in obese young women [16] .
As commented before, obesity presents a chronic low-grade inflammation profile due to the release of high levels of cytokines by different peripheral leukocytes [17] . Thus, it is interesting to investigate the inflammatory response induced by different kinds of interval exercise. This study aimed to evaluate the acute response (changes in leukocyte counts and systemic cytokines levels) in lean and overweight-obese individuals to HIIE and MIIE.
Material and methods

Subjects
This study was approved by the Ethic Committee of the Methodist University Center IPA (626.668) and all experimental procedures were performed according to the Declaration of Helsinki. All participants, 22 apparently healthy Caucasian men, were informed about the study and signed the informed consent. G Power (version 3.1.3; Franz Faul, Kiel, Germany) was used to calculate the sample size of the study and indicated that a minimum of 10 participants per group would be enough to detect differences in IL-6 (a primary outcome variable) with a power of 75% and 5% significance level. Participants were assigned to two experimental groups according to their body mass index (BMI) and presented similar level of physical activity at the recruitment (according with the International Physical Activity Questionnaire; https://www. ipaq.ki.se/downloads.htm).
According to the criteria established by the World Health Organization [18] , participants were designated as lean group (n = 10, BMI < 24.9 kg/m 2 ) or overweight-obesity grade 1 group (n = 12, BMI 25-34.9 kg/m 2 ). Participants were healthy, no smokers, age ranging from 20 to 40 years and free of illness and injury and they were not engaged in physical training programs for a period of six months prior to the experimental trials. Exclusion criteria included autoimmune, cardiac, endocrine or metabolic diseases, acute and chronic infections, and current drugs or dietary supplements with recognized impact on the immune system. After inclusion in the study, subjects completed a medical questionnaire and the Physical Activity Readiness Questionnaire. They also completed a food record diary for the 24 h before and after a familiarization trial and were required to follow the same diet during the exercise trials.
Preliminary trials
One week before of main trials, all participants performed two visits to the laboratory, with interval of three days between the visits. The first visit was conducted to perform anthropometric measurements and progressive maximal test, and in the second visit was conduct a familiarization session. All exercises and trials were performed using a treadmill (Inbramed Millenium ATL, Inbrasport, Porto Alegre, Brazil) at the Exercise Physiology Laboratory of the Methodist University Center IPA. During the trials, the temperature and humidity were continuously measured (the temperature ranged from 18 to 24°C and humidity 50-70%).
Anthropometric measurements
Qualified professional performed all anthropometric evaluations, and all tests were performed three times and the average was used for analysis. Body mass (kg) and height (meters) were determined by a semi-analytical scale (Welmy, Santa Barbara D'Oeste, Brazil), with capacity for 200 kg and a stadiometer attached (Welmy, Santa Barbara D'Oeste, Brazil) with accuracy of 0.1 kg and 0.005 cm, respectively. Waist (WC, cm), abdomen (AC, cm) and hip (HC, cm) circumferences were measured through inelastic measuring tape. BMI (kg/m 2 ) was defined as body mass (kg) divided by the square of height (m 2 ). Waist-Hip ratio (WHR) was defined as WC/HC. Waist-height ratio (WHtR) was defined as WC/height [19] .
Maximal progressive test
All participants were submitted to a progressive test until the volitional exhaustion on a treadmill to identify the intensities of interval exercise sessions. After a warm-up of 5 km/h for a period of three minutes, the speed was gradually increased by 1 km/h each minute until exhaustion. The treadmill inclination was set at 1% to simulate best running outdoor conditions [20] . Heart rate (HR) was monitored continuously during the test and exercise sessions with a heart rate monitor (Polar Electro FT7, Kempele, Finland). The perceived exertion was recorded according to the Borg Scale [21] . When participants reached the following criteria: (a) heart rate > expected for age; (b) perceived exertion > 18; or (c) when participant voluntarily stopped, the test was terminated. The participants were verbally encouraged to run until the exhaustion. After the test, the speed associated with VO2Máx (S Max ), the maximum power output (P Max ) and the maximum HR (HR Max ) were recorded.
Familiarization trials
Participants returned to the laboratory three days after the progressive test to the familiarization session. After five minutes of warm-up (70%P Max ), individuals performed five bouts with duration of 60 s (90%P Max ) with 60 s of active rest (50%P Max ).
Main trials
All subjects were submitted to both protocols, the moderate intensity interval exercise (MIIE) and the high intensity interval exercise (HIIE) in a randomized model with the rest of at least one week between sessions. The first exercise session was conducted seven days after the familiarization session. All subjects arrived to the laboratory between 9:30 and 10:30 AM in fasting at least one hour and refrained from alcohol, coffee and vigorous physical activity for a period of 24 h. We adapted the protocols described by Gillen et al. [22] . In both sessions, a warm-up of five minute (60%P Max ) and a cool-down of five minute (50%P Max ) were performed. The MIIE consisted in 10 bouts of 60 s (70-75%P Max ) alternated with 60 s of recovery (50%P Max ). The HIIE consisted in 10 bouts of 60 s (85-90%P Max ) alternated with 75 s of recovery (50%P Max ).
Blood collection and analysis
Blood samples (approximately 10 mL) were collected from the antecubital vein in pre, immediately, and 30 min after each session (MIIE and HIIE). Total white cell count (WBC), lymphocyte and monocyte counts, as well as hemoglobin and hematocrit were determined from vacutainer tubes containing EDTA (Becton-Dickinson, BD, Juiz de Fora, MG, Brazil) in an automated analyzed ABX Micros60 (Horiba ABX, Kyoto, Japan). Venous blood samples were also collected into serum separator tubes (Becton-Dickinson, BD, Juiz de Fora, MG, Brazil), centrifuged for 10 min at 1048g, and serum frozen at À20°C until the day of analysis (maximum of two months after the trials).
Serum activity of creatine kinase (CK) and lactate dehydrogenase (LDH) was evaluated in automated biochemical machine (BIOCLIN BS120, BIOClin, Belo Horizonte, MG, Brazil) with appropriate controls and standards. Systemic concentrations of antagonist receptor of interleukin-1 (IL-1ra, catalog number 900-K474), IL-6 (catalog number 900-K16), IL-8 (catalog number 900-K18), IL-10 (catalog number 900-K21), IL-17a (catalog number 900-K84), chemokine (C-C motif) ligand 2 (CCL2), (catalog number 900-K31) were determined by Enzyme-Linked Immunosorbent Assay (ELISA) using commercial reagents (Peprotech Inc., NJ, USA). The intra-assay coefficient variation was <7.5%.
Hematrocrit and hemoglobin levels were used to estimate changes in plasma volume after exercise sessions according to the formula proposed by Dill and Costil [23] . The loss plasma volume induces an increase concentration of circulating biomarkers irrespectively of their specific metabolic or biologic response to exercise. The formula proposed by Dill and Costil [23] can accurately define and determine the plasma loss to establish the real effect of exercise on biomarkers, such as cytokine and leukocyte counts. Thereby, after estimates changes in blood and plasma volumes, the variables were adjusted according to the formula: parameter adjusted = parameter ⁄ percent changes of plasma volume/percent changes of blood volume.
Statistical analysis
Data are presented as mean ± standard error of the mean (SEM). Differences in anthropometric characteristics and average baseline (mean of leukocyte counts and systemic cytokine between two exercise sessions MIIE and HIIE at baseline) were compared through Student independent t-test. The values of average baseline of leukocyte counts and cytokine levels are displayed as mean ± SEM with range in parentheses. Data were check for normality (Shapiro-Wilk test), variance (Levene's) and sphericity. Three way-repeated measurements ANOVA were performed for main (time, group, session) and interaction (time Â group; time Â session; group Â session) effects. If a significant effect was observed, the differences among pre-values, immediately post and 30 min post were compared between time, group or session using Bonferroni post hoc. Correlations between inflammatory changes (delta values) and anthropometric characteristics were performed through Pearson's Correlation. The level of statistical significance was set at p 6 0.05. Data were analyzed using SPSS 20.0 (SPSS, Chicago, IL, USA).
Results
As expected the individuals of the lean group presented significant lower body mass (p < 0.001), BMI (p < 0.001), WC (p < 0.001), AC (p < 0.001), HC (p < 0.001), WHR (p = 0.03) and WHtR (p < 0.001) than those of overweight-obese group. In addition, the lean group showed a higher value of maximum speed in the incremental test (p = 0.001) when compared to overweight-obese group ( Table 1) .
The baseline values of haematological, muscle damage and inflammatory and regulatory/anti-inflammatory cytokines analyses are presented in Table 2 . At baseline, overweight-obese group presented significant differences in the activity of CK (0.024), IL-6 (p < 0.001), IL-8 (p = 0.002), CCL2 (p = 0.046), IL-10 (p = 0.001) when compared to lean subjects. No significant differences were found in hematocrit, hemoglobin, LDH, total leukocytes, lymphocytes, monocytes, and systemic concentrations of IL-1ra and IL-17a (p > 0.05). The duration of exercise was approximately 30 min. The average heart rate during HIIE was 163.68 ± 5.20 bpm (84.89% of HR Max ) for the lean group and 160.47 ± 4.20 (75.00% of HR Max ) for the overweight-obese group. In MIIE session, the average heart rate was 149.56 ± 4.98 bpm (75% of HR Max ) for lean group and 145.75 ± 5.10 bpm (78% of HR Max ) for overweight-obese group. The average exertion perceived in lean group was 12.66 ± 0.89 and 12.72 ± 0.26 for overweight-obese group in HIIE session. In MIIE session, the average exertion perceived was 9.34 ± 0.69 for lean group and 9.31 ± 0.48 for overweight-obese group. No significant main effect for time (p > 0.05) or group (p > 0.05) was observed; however, there were significant differences between sessions (p < 0.05).
In lean subjects the HIIE caused significant increase in hematocrit (p = 0.010) and hemoglobin levels (p = 0.006) immediately after session, remaining at high levels 30 min after exercise compared to baseline (Table 3) . Overweight-obese participants presented significant increase in hemoglobin levels immediately after exercise (p = 0.01), which returned to baseline 30 min after (p > 0.05). Moreover, HIIE decrease the blood volume immediately after session in lean (À4.01%, p = 0.008) and overweight-obese participants (À2.77%, p = 0.01), without any significant differences 30 min after session. Interestingly, in overweight-obese people the HIIE reduced the plasma volume immediately after (p = 0.010) and 30 min after (p = 0.017) sessions compared to lean. No significant changes were observed in plasma volume after exercise sessions (immediately and 30 min post) compared to baseline in lean and overweight-obese subjects.
The MIIE was not able to alter the blood volume, hematocrit or hemoglobin variables in both groups (p > 0.05), but plasma volume was significantly reduced in overweight-obese compared to lean subjects (p = 0.03). Furthermore, overweight-obese group presented differences in hematocrit immediately after HIIE when compared to MIIE, and plasma volume of lean subjects was higher immediately after HIIE compared to MIIE in this group (p = 0.02) ( Table 3) . Table 4 shows the changes in WBC, lymphocyte and monocyte counts in response to different interval bouts. No significant differences were found between lean and overweight-obese groups at baseline of HIIE or MIIE session (p > 0.05). In HIIE session, lean group presented significantly increase in WBC (p = 0.008) and monocyte (p = 0.001) counts immediately after bout, and WBC remained higher compared to baseline at 30 min after exercise (p = 0.002). Overweight-obese group showed significantly increase in WBC (p < 0.001), lymphocyte (p = 0.001), and monocyte (p = 0.012) counts immediately after HIIE. WBC (p < 0.001) and lymphocyte numbers (p < 0.001) returned to baseline values within 30 min post HIIE bout. In MIIE, subjects from overweight-obese group presented significant increase in WBC (p < 0.001), lymphocyte (p = 0.003), and monocyte (p = 0.001) counts immediately after bout. WBC (p = 0.006) and lymphocyte numbers (p = 0.002) returned to baseline values within 30 min post exercise.
Overweight-obese individuals had significant increase on serum CK activity immediately after HIIE (p < 0.001) and MIIE (p = 0.05) sessions. CK activity remained higher 30 min after HIIE bout (p < 0.001). Moreover, significant increase (p = 0.008) on LDH activity was observed immediately after HIIE, while a tendency to significant (p = 0.09) was observed in MIIE session. No significant differences was observed in LDH activity 30 min after exercise (p > 0.05). Lean individuals presented significant differences on CK and LDH activities immediately after HIIE (p = 0.03). However, compared to baseline only CK activity remained at high levels 30 min after HIIE (p = 0.04). No significant alterations on CK or LDH were observed in lean group after MIIE (Fig. 1) .
The effects of HIIE and MIIE on IL-6 ( Fig. 2(A) ), IL-8 ( Fig. 2(B) ), IL-17a ( Fig. 2(C) ), CCL2 (Fig. 2(D) ), IL-1ra ( Fig. 2(E) ), and IL-10 ( Fig. 2(F) ) are showed in Fig. 2 . In overweight-obese group, HIIE induced significant increase in IL-6 (p = 0.03), IL-8 (p = 0.027) and IL-10 (p = 0.024) immediately after the exercise session. While the levels of IL-6 (p = 0.05) and IL-10 (p = 0.001) were maintained at high levels until 30 min post-exercise, the levels of IL-8 decreased (p = 0.003). Regarding the effect of HIIE in lean group, we observed that the systemic levels of IL-8 (p = 0.05) and IL-10 (p = 0.04) increased immediately after compared to baseline. In addition, the IL-6 (p = 0.026) and IL-10 (p = 0.04) concentrations in this group showed significant augment at 30 min post compared to baseline, while IL-8 decreased significantly 30 min post compared to immediately post (p = 0.03). In addition, the levels of IL-6 in overweight-obese individuals submitted to HIIE were higher than those found in lean immediately (p = 0.03) and 30 min post exercise (p = 0.04). Furthermore, the IL-10 levels were significantly higher in lean compared to overweight-obese immediately post HIIE (p < 0.001). No significant effects were observed in IL-1ra, IL-17 or CCL2 either in lean and overweight-obese subjects submitted to HIIE.
MIIE has no effect in IL-1ra, IL-6, IL-8, IL-10, IL-17a or CCL2 in both groups. When compared the exercise sessions, HIIE versus MIIE, the levels of IL-6 and IL-8 were significantly higher immediately after HIIE compared to MIIE in overweight-obese (p = 0.05; p = 0.008, respectively) and lean (p = 0.044; p = 0.05, respectively). IL-10 levels were significantly higher immediately after HIIE compared to MIIE in lean (p < 0.001). Interestingly, the HIIE promoted significant elevation in IL-10 levels 30 min post in both lean and overweight-obese individuals compared to MIIE.
When delta values of inflammatory markers and body composition of all subjects (lean and overweight-obese) were correlated it was found that IL-8 changes at 30 min after HIIE were negative correlated with body mass (r = À0.509; p = 0.016); BMI (r = À0.44; p = 0.04); abdominal circumference (r = À0.50; p = 0.018); waist circumference (r = À0.48; p = 0.021); hip circumference (r = À0.49; p = 0.019); and waist-height ratio (r = À0.45; p = 0.03). In relation to IL-10, the delta value determined to immediately after HIIE were inversely correlated with body mass (r = À0.42; p = 0.047); BMI (r = À0.46; p = 0.029). Furthermore, the delta value of WBC immediately after HIIE were negatively correlated with body mass (r = À0.58; p = 0.01), BMI (r = À0.57; p = 0.01), abdominal circumference (r = À0.48; p = 0.02), waist circumference (r = À0.51; p = 0.01), hip circumference (r = À0.51; p = 0.01) and waist-height ratio (r = À0.49; p = 0.02) ( Table 5 ). Fig. 3 shows the correlations between inflammatory and muscle damage changes. Immediately after HIIE, delta value of WBC were positively correlated with delta value of CK (r = 0.66; p = 0.01; Fig. 3(A) ) and delta of LDH (r = 0.48; p = 0.02, Fig. 3(B) ). In addition, delta of WBC 30 min after HIIE correlated with IL-8 changes 30 min after (r = 0.572; p = 0.005, Fig. 3(C) ). Interestingly, 30 min after HIIE delta of IL-10 was inversely correlated with IL-8 changes (r = À0.53; p = 0.01, Fig. 3(D) ).
Discussion
This study investigated the influence of intensity of interval exercise on acute inflammatory response in lean and overweight-obese individuals. To our knowledge, this is the first study to demonstrate that the HIIE is able to modulate the low-grade chronic inflammation in overweight-obese individuals thought the decrease in IL-8 and augment in IL-6 and IL-10 levels, despite baseline differences on levels of IL-6, IL-8, IL-10 and CCL2 between lean and overweight-obese individuals.
In relation to leukocytes, both HIIE and MIIE showed similar effect in overweight-obesity individuals, increasing the number of circulating leukocytes, including lymphocytes and monocytes. In contrast, only HIIE induced an acute leukocytosis in lean participants. These findings indicate that the leukocytosis induced by the interval exercise can be affected by the intensity. Gray et al. [24] demonstrated that the modulation of peripheral leukocytes was concomitant with changes in hormonal concentrations in the circulation. It is known that catecholamines and its interaction with b-adrenergic receptors on leukocytes induces leukocyte recruitment, and that the immunoneuroendrocrine modulation is dependent of the exercise intensity [25, 26] . Possibly, a larger adrenergic response in HIIE can be related to the different leukocyte mobilization in lean individuals, since only the HIIE was able to altering the leukocyte counts in this group. In according with this, the highintensity exercise seems to induce a quickly mobilization of different types of blood cells, including lymphocytes, monocytes and neutrophils after the bout session [27, 28] .
In overweight-obese individuals, the leukocyte mobilization to blood was similar in both sessions (HIIE and MIIE), suggesting a differential response to interval exercise between lean and overweight-obese. Corroborating our data, Mendham et al. [29] found significant leukocytosis, monocytosis and lymphocytosis immediately after a moderate exercise (75% of oxygen consumption) in overweight men, indicating that the leukocytosis induced by exercise in overweight-obesity subjects is not dependent of intensity, and maybe explained by chemotactic factors or higher sensibility to adrenergic discharge [30] . Another leukocytosis inductor is the muscle damage, which is positively correlated with the exercise intensity and increase in the number of circulating leukocytes [26] . In our study, both HIIE and MIIE induced significant increase in CK levels in overweight-obese group. On the other hand, the increase in LDH immediately after exercise occurred in HIIE session in both lean and overweight-obese individuals. In addition, immediately after HIIE the changes in leukocyte counts were positively correlated with changes in markers of muscle damage.
Salvadori and colleagues [31] also found high levels of CK in the basal state of overweight-obese compared to lean subjects. In summary, our results suggested that the muscle damage induced by interval exercise is intensity dependent and may affect the leukocyte counts after high intensity bouts. Furthermore, the increased activity of CK after MIIE in overweight-obese can be due to higher basal levels of this enzyme in this subjects.
The decrease in leukocyte counts after high intensity exercise is related to immunosuppressive events, named ''open window theory" [26] , characterized by an increase susceptibility to respiratory infections and a marked decrease in IgA levels. The intermittent nature of interval exercise can prevent the drop in leukocytes, becoming a secondary benefit. Fisher et al. [32] demonstrated that HIIE prevent both lymphocytopenia and the decrease of antioxidant enzymes activity in leukocytes after the session. However, there are not studies evaluating the acute and long-term effects of HIIE on immunity in lean and obesity individuals.
The transient alterations in hematocrit and hemoglobin levels is a common event in high intensity exercise due to the increase in thermoregulatory capacity, cardiac filling pressure, stroke volume and to anaerobic events [33] [34] [35] . Bloomer and Farney [36] found significant decrease in plasma volume during and immediately after interval exercise, with the values returning to the pre-exercise values after 30 min. On the other hand, slight acute changes in blood and plasma volume do not appear to be caused by dehydration, considering that these changes were similar to those found by other authors in thermoneutral ambient [36, 37] . Interesting, overweight-obese individuals presented a decrease in an order of 1.09% in plasma volume after HIIE, while lean individuals had an increase of 3.32%. These results are in agreement with those of Jabbour et al. [38] demonstrating a decrease in plasma volume in obese after a single bout of continuousmoderate exercise. Among the benefits provided by the interval exercises, increased insulin sensitivity, and metabolic and cardiorespiratory adaptations are directly linked to the high intensity [22] . The results of our study demonstrated that the intensity of the interval exercise also appears to be essential for the management of the inflammatory response, since MIIE does not alter the cytokine concentrations in both groups. Although Racil and coworker [16] demonstrated that HIIE and MIIE (100% of maximal aerobic speed vs. 70% of maximal aerobic speed) had similar benefits in body composition, lipid profile, insulin resistance and adiponectin levels, in our study we did not observe any significant difference on the acute cytokine response in both lean and overweigh-obesity individuals after MIIE.
After exercise session, muscle contraction stimulates the release of IL-6 and others myokines with many functions, especially the regulation of cellular metabolic homeostasis and the polarization to an anti-inflammatory environment through the stimulation of anti-inflammatory and immunoregulatory cytokines [7] . Our data demonstrate that HIIE induces a significant increase in systemic IL-6 in lean (30 min post) and overweightobesity (immediately and 30 min post) subjects. Other studies have also demonstrated the role of HIIE in IL-6 modulation. In this context, the IL-6 levels were significantly increased during HIIE when compared to moderate continuous exercise in highly trained men [12, 39] . Regarding to the chronic effect of high intensity intermittent training, significant reductions in basal systemic CCL2 and IL-6 levels and adipose inflammation was demonstrated after two weeks [40] . These differences between studies might be related to the metabolic and hormonal interactions during the HIIE. The magnitude of inflammatory response is inversely proportional to glycogen quantity, and it is directly dependent on the intensity, duration and the amount of muscle mass involved [12, 41] . Circulating IL-6 is increased when muscle glycogen levels are low, and the large rate of glycogenolysis during HIIE may facilitate the increase in IL-6 [41, 42] . However, we did not measure the glucose levels after bouts in our study. On the other hand, the HIIE did not change the IL-1ra levels as expected and previously demonstrated [8, 13] .
While overweight-obesity group showed a significant and progressive elevation in IL-6 immediately and 30 min post HIIE, a significant increase in IL-6 was observed only 30 min after HIIE in lean group. This should reflect the contribution of peripheral tissues, such as adipose tissue, to the systemic levels of IL-6 immediately after the exercise [30] . In this way, Christiansen et al. [11] demonstrated that the levels of IL-6 mRNA in adipose tissue may contribute to the discrepancies in systemic inflammatory levels of TNF-a, IL-6, and IL-8 in response to prolonged exercise between lean and overweight-obesity individuals.
In our study, the levels of IL-8, classically classified as a chemokine, were significantly elevated in both groups (lean and overweight-obese) immediately after HIIE. Typically, the increase of IL-8 is observed after strenuous prolonged exercise, but lowvolume high-intensity exhaustive exercise has shown significant effects in circulating IL-8 [43, 44] . These data indicate that IL-8 is sensible to the intensity of the exercise and had positive effects on mobilization of leukocytes. In fact, we found a positive correlation between changes in WBC counts and levels of IL-8 30 min after HIIE. Risøy et al. [45] have demonstrated that acute exercise increases the expression of chemotactic factors, including IL-8, and the infiltration of immune cells into muscle.
Skeletal muscle is the likely source of IL-8 following exercise, and in this case, this cytokine mediates paracrine and autocrine effects inducing angiogenesis and chemotaxis of leukocytes to muscle [12] . Despite evidence suggesting a proinflammatory state of mononuclear cells in obese and increased release of proinflammatory cytokine, such as IL-8, in basal state [17] , in our study no differences in the elevation of IL-8 were observed in lean and overweight-obese individuals after HIIE.
In contrast to IL-6 and IL-8, the levels of IL-17a and CCL2 were not modified by the HIIE. The high intensity exercise seems to be linked to a prominent anti-inflammatory environment mediated by Th2 lymphocytes and decrease or lack of Th1 response [26, 46] . This imbalance can induce a transient increase in antiinflammatory and regulatory cytokines, mainly IL-10, which can contribute to the control of chronic low-grade inflammation [6, 26] . IL-10 is mainly secreted by Treg cells, and crucial immunomodulatory functions inhibiting different cells such as T and B lymphocytes, macrophages and dendritic cells [1] . In this study, we observed a significant increase in systemic IL-10, suggesting important benefit of HIIE session due to their regulatory properties on inflammation. Interestingly, a study with adolescent swimmers showed a significant increase in Treg cells and Foxp 3 expression after a single bout of high intensity exercise [47] . The importance of high intensity exercise to generate systemic antiinflammatory patterns was confirmed by a treadmill exercise in mice, where the increase of the frequency of Treg cells and the expression of IL-10 in CD4 + T cells were higher in high-intensity exercised compared to moderate-intensity exercised mice [48] .
The negative correlation between delta values for IL-10 and IL-8 30 min after HIIE may reinforce the immunoregulatory role of IL-10 in the control of expression and release of proinflammatory cytokines. In this context, it was demonstrated that IL-10 inhibits the transcription of IL-1b, IL-6 and TNF-a in mononuclear cells stimulated with lipopolysaccharide, as well as the transcription of IL-8 in polymorphonuclear leukocytes [49, 50] . In accordance with this, it was demonstrated that 8 weeks of exercise training was able to increase IL-10 and decrease TNF-a systemic levels and lead to ameliorate of cardiac dysfunction in high-fat induced-obesity mice [51] . Thus, since obesity presents a chronic low-grade inflammation with a reduction in the frequency of Treg cells, the increase in IL-10 levels after HIIE can contribute to positive and regulatory adaptations mediated by immune cells [4, 5] .
Conclusions
In conclusion, this study presents evidence that both HIIE and MIIE induce similar increase in leukocyte, monocyte and lymphocyte counts in overweight-obese group, while only HIIE was effective in mobilizing leukocytes to peripheral blood in lean subjects. Moreover, HIIE, but not MIIE, was able to decrease the systemic levels of IL-8, and increase the levels of IL-6 and IL-10 without cause significant alterations in the levels of IL-17a, CCL2 and IL-1ra. Finally, this kind of exercise was well tolerated and may have important implications to generating anti-inflammatory effects through a low volume session, helping the control of chronic low-grade inflammation in obesity.
